Tau leptons appear in the final state of many important physics processessuch as decay of the Higgs boson, supersymmetric particles and additionalheavy gauge bosons corresponding to a new symmetry. Thus tau leptonsplay very important role in LHC physics programme at all energies. Sincemajority of the tau lepton decays are hadronic, CMS employs a dedicatedprocedure to reconstruct tau leptons from the light hadrons inside jets.In view of the upcoming LHC run at 13-14 TeV, it is crucial to studythe performance of tau reconstruction and identification at high pileup and withthe upgraded CMS detector geometry. An overview of the results fromsimulations, in the context of CMS experiment, will be presented in the talkincluding the fake rates and their dependence of kinematic variables.
Introduction
The tau lepton (τ) is the heaviest charged lepton having a mass of 1.777 GeV and belongs to the third generation of standard model fermions. Like a muon, it decays via the weak interaction with a mean lifetime of 2.9 × 10 −13 s. However in contrast to a muon, the tau lepton can decay both to hadrons and to lighter leptons due to its high mass. Due to larger phase space, the decays to hadrons (τ h ) through the intermediate vector resonances (ρ, a 1 ) are dominant (around 65%) while decays to other lighter leptons i.e. muons (τ µ ) and electrons (τ e ) are subdominant (around 17% each). The decay products of hadronic taus appear in the form of jets, usually containing one or three charged hadrons carrying most of momentum along with neutral hadrons. Being well collimated, energetic, and having low multiplicity and low hadronic activity (isolated), they can be distinguished from quark/gluon jets. In CMS, the Particle Flow (PF) based Hadron Plus Strip (HPS) algorithm [1, 2] exploits these characteristics for hadronic tau reconstruction and identification. The details of this algorithm are discussed in Section 3.
CMS detector and Phase 1 upgrade
The CMS detector is one of the two general purpose detectors at the LHC. A detailed description of CMS detector can be found in the Ref. [3] . The LHC machine delivered proton-proton collision data at center-of-mass energy of 8 TeV during year 2012. The upcoming run of LHC in year 2015 is expected to extend collision energy to 13/14 TeV at much higher beam luminosity. Therefore, the upgrade of CMS detector is necessary to ensure robust performance in terms of object identification in an environment where multiple interactions per beam crossing are expected. The scheduled shutdown of LHC around 2017/2018 is known as "Phase 1" upgrade [4] after which the LHC will be operated at 14 TeV with a peak luminosity of 2 × 10 34 cm 2 s −1 . The upgrades of CMS detector mainly include -Pixel system, Hadron Calorimeter (HCAL), Muon system and Trigger system. The upgraded pixel system will include additional fourth barrel layer, third set of forward disks, new readout strips and electronics for improved tracking [5] . The Phase 1 HCAL will have increased depth segmentation of HB/HE due to the replacement of Hybrid Photodiodes (HPD) with magnetic field resistant Silicon Photomultipliers (SiPMs) providing higher detection efficiency and signal gain [6] . The Muon system upgrade will include the rebuilding of CSC, RPC and DT track finders, and installation of Gas Electron Multiplier (GEM) detectors for the improved identification of forward muons in the huge background environment. The proposed Trigger upgrades will involve the use of µTCA technology rather than the current VME systems.
τ h identification (Tau-ID) in CMS
CMS has developed a dedicated PF based algorithm for the identification of hadronically decaying taus through the reconstruction of intermediate resonances, known as HPS algorithm. It uses the PF jets (clustered using anti-k T algorithm [7] ) as a seed and then reconstructs photons in the ECAL as strip. The strip reconstruction starts with the highest energetic electromagnetic (EM) particle within the PF jet and merges other EM particles found in a window of size ∆ η = 0.05 and ∆ φ = 0.20 centered on the strip center recovering a possible undetected photon conversion in-side the tracking detector. This procedure is repeated until no EM particle is found within that window. The strip having transverse momentum p strip T > 2.5 GeV/c is combined with the charged hadrons satisfying quality cuts. The charged hadrons and strips are required to be contained within a cone of ∆ R = 3.0/p τ h T , ranging from 0.05 to 0.1 and should have the mass compatible with either π ∓ , ρ ∓ or a ∓ 1 . Out of multiple decay hypotheses that pass the ∆ R and mass cuts, the hypothesis of highest τ h candidate p T is retained and if it is close, the most isolated hypothesis is given preference. Isolation is generally computed by summing p T of all PF candidates excluding the candidates forming tau jet. For the study presented in this paper, isolation sum includes only those charged particles in a cone of ∆ R < 0.5 around tau direction, whose p T > 0.5 GeV, and have at least 3 reconstructed hits in the tracker with distance to tau production vertex less than 0.2 along z-axis. The hadronic tau candidate is considered to be isolated if this isolation sum is less than 2.0 GeV.
4 Combined Tau-ID efficiency and jet → τ fake rate with Phase 1 detector
The combined reconstruction and charged isolation efficiency is calculated by requiring true generated visible taus with p T > 20 GeV and |η| < 2.3 as the denominator while numerator requires reconstructed taus with p T > 20 GeV and |η| < 2.3 (matched to generator taus within ∆ R < 0.5) to satisfy the tau decay mode finding (DMF) and isolation criteria. As depicted in Figure 1 , the efficiency is calculated as a function of generated visible tau p T for both Phase 1 scenarios. The denominator of jet-to-tau fake rate calculation involves corrected reconstructed jets with p T > 20 GeV and |η| < 2.3 (matched to true generated jets with p T > 20 GeV and |η| < 2.3 within ∆ R < 0.5) whose leading track should be less than 0.2 c.m. along z-axis from primary vertex. The numerator requires reconstructed taus with p T > 20 GeV, |η| < 2.3 (matched to reconstructed jets selected in denominator within ∆ R < 0.5) to pass through DMF and isolation criteria. The Figure 1 shows the jet-to-tau fake rate as a function of true generated jet p T for both the scenarios.
Summary and Conclusions
The combined Tau-ID efficiency/fake rate is affected by increase in PU and aging of the detector after collecting 1000 fb −1 of data. The efficiency decreases as pileup (PU) increases, which increases the charged tracks in the isolation cone and hence the isolation sum. The radiation damage reduces the hit reconstruction efficiency of the tracker due to which less tracks are reconstructed in the isolation cone, decreasing the isolation sum and increasing number of jets passing isolation sum and hence the fake rate. TauID seems to be feasible at 140 PU and is mainly affected by aging of the detector which motivates the necessity of new Phase 2 CMS detector.
